Increasing prevalence of overweight and obesity motivated this prospective examination of gestational diabetes mellitus in relation to self-reported adult height, weight, and weight fluctuation. Gestational diabetes was assessed by use of medical records in 1,644 women enrolled in Seattle and Tacoma, Washington, between 1996 and 2002. After adjustment, risk was inversely related to height and directly related to pregravid body mass index (p trend < 0.001). The relation with body mass index at age 18 years was J shaped, with higher risk among lean women (adjusted relative risk (RR) ¼ 1.79, 95% confidence interval (CI): 1.01, 2.84) and obese women (RR ¼ 4.53, 95% CI: 1.25, 16.43) versus normal-weight women. Weight gain between age 18 years and the study pregnancy was associated with increased risk independently of body mass index at 18 years and other confounders (10-kg gain vs. <2.5-kg change: RR ¼ 3.43, 95% CI: 1.60, 7.37). Weight cycling (loss and regain of 6.8 kg) was not associated after adjustment for body mass index at 18 years and adult weight change (3 vs. zero cycles: RR ¼ 1.23, 95% CI: 0.56, 2.73). Cycling was nonsignificantly related among women who gained 10 kg or more during adulthood (3 vs. zero cycles: RR ¼ 2.04, 95% CI: 0.83, 5.02). Efforts to prevent obesity and weight gain among young women may reduce gestational diabetes risk. body mass index; body weight; diabetes, gestational; pregnancy; weight gain Abbreviations: CI: confidence interval; RR, relative risk.
Gestational diabetes mellitus is the onset or first recognition of glucose intolerance during pregnancy (1) . This condition affects 4-7 percent of pregnancies and is associated with adverse fetal outcomes such as macrosomia, jaundice, and birth trauma (1) (2) (3) . Women with gestational diabetes are more likely than normoglycemic women to experience it again during a subsequent pregnancy, to experience other pregnancy complications such as preeclampsia, and to develop overt diabetes after pregnancy (4) (5) (6) .
Several studies have shown that gestational diabetes is more common among overweight and obese women than among lean women (7) (8) (9) . The current high prevalence of overweight and obesity among adult women in the United States (10) and the increasing prevalence worldwide (11) motivate detailed characterization of the aspects of weight and weight gain that may contribute to gestational diabetes risk. Using data from a prospective cohort study of pregnancy, we examined the association between gestational diabetes and measures of adult height, weight, and weight fluctuation. We sought to contribute to the small body of literature examining adult weight change as a potential risk factor for the disorder. Additionally, published studies of the relation between weight cycling and type two diabetes inspired us to examine weight cycling as a risk factor for gestational diabetes (12, 13) .
MATERIALS AND METHODS

Study design and population
This prospective analysis is based on data collected from the Omega Study, an ongoing cohort study designed to examine risk factors of preeclampsia and gestational diabetes. Participants attended prenatal care clinics affiliated with the Swedish Medical Center and Tacoma General Hospital in Seattle and Tacoma, Washington, respectively. Eligible women were those who started prenatal care before 20 weeks of gestation, were 18 years of age or older, could speak and read English, and planned to carry the pregnancy to term and to deliver at either research hospital. During the first 18 months of the study, nulliparous women were preferentially invited to participate. A higher proportion of parous women were invited as the study progressed.
Trained research personnel interviewed participants using a structured questionnaire to gather information on sociodemographic and anthropomorphic characteristics (including height and weight characteristics, described below), lifestyle habits, and medical and reproductive histories. After delivery, participants' hospital labor and delivery medical records and clinic records were abstracted for information on pregnancy, delivery, and infants. The procedures used in this study were approved by the institutional review boards of the Swedish Medical Center and Tacoma General Hospital. All participants provided written informed consent.
Analytical population
The analytical population comprises women who enrolled between September 1996 and December 2002. During this time, 2,000 (84 percent) of 2,381 eligible women who were approached for enrollment agreed to participate. For this analysis, we excluded 121 women with unknown delivery outcome or missing medical records. We also excluded 49 women who experienced an abortion or fetal death before 28 weeks of gestation, 21 with pregestational diabetes, 101 with chronic hypertension, and 65 with missing weight or height information. This analysis is based on information from 1,644 women.
Gestational diabetes definition
We used the National Diabetes Data Group diagnostic criteria for gestational diabetes, which were current at the start of the study (14) . Women were routinely screened for gestational diabetes between 24 and 28 weeks of gestation by use of a 50-g, 1-hour oral glucose tolerance test. Those with a posttest plasma glucose level of more than 140 mg/ml participated in the diagnostic 100-g, 3-hour oral glucose tolerance test. Women were classified as having gestational diabetes if two or more 3-hour test concentrations exceeded the following cutpoints: fasting, 105 mg/dl; 1 hour, 190 mg/dl; 2 hours, 165 mg/dl; 3 hours, 145 mg/dl (14) .
Weight and height characteristics
Interviewers asked each woman to report her height without shoes, her recalled weight at age 18 years, and her weight immediately before the study pregnancy (pregravid weight). We used pregravid body mass index to estimate adiposity. We categorized it according to Institute of Medicine cutpoints as <19.8 (lean), 19.8-26.0 (normal), 26.1-29.0 (overweight), and >29.0 kg/m 2 (obese) (15) . We categorized height according to approximate quartiles: 160, 161-165, 166-170, and >170 cm. We calculated the net change in weight from age 18 years to just before pregnancy and categorized it as follows: loss of 2.5 kg or more, net change of fewer than 2.5 kg, 2.6-4.9 kg gain, 5.0-9.9 kg gain, and gain of 10 kg or more. These categorizations were chosen a priori and were similar to those used in studies of weight change in relation to chronic diseases in older women (16, 17) . We also analyzed adult weight gain as a continuous variable in 5-kg increments. Interviewers ascertained weight cycling by asking, ''How many times have you lost 15 pounds (6.8 kg) or more and then later gained all the weight back (not counting when you were pregnant)?'' This 15-pound cutpoint was arbitrary and chosen during questionnaire design. We classified women according to history of weight cycling (yes/no) and number of cycles (zero, one, two, and 3).
Statistical analysis
We examined frequency distributions of participants' characteristics according to categories of adult net weight change. We used multivariable generalized linear models with log link functions to estimate adjusted relative risks and 95 percent confidence intervals (18) . We tested for linear trend across categories of height and weight characteristics by modeling them as grouped linear variables. Twotailed p values of less than 0.05 were considered statistically significant. We repeated all analyses after excluding 27 women who reported having gestational diabetes in a prior pregnancy. This exclusion did not meaningfully change the results (data not shown). Statistical analyses were performed using STATA, version 9.0, software (StataCorp LP, College Station, Texas).
We evaluated confounding for each exposure separately. The characteristics listed in table 1, as well as height and weight characteristics when appropriate, were evaluated as potential confounders. We entered each covariate into a regression model relating the exposure to gestational diabetes risk and compared models with and without adjustment for the covariate. We included in the final model covariates that altered unadjusted relative risks by 10 percent or more.
For each covariate, we chose the coding specification that achieved the greatest control of confounding.
Weight cycling is associated with weight gain (19) . If weight gain is both an antecedent of weight cycling and an independent risk factor of gestational diabetes, control for net adult weight change is appropriate when examining the relation between weight cycling and the disorder. However, if weight gain results from weight cycling, controlling for net weight change may spuriously attenuate the estimated association with weight cycling by removing the influence of a causal mechanism. In consideration of the complex relations between weight gain and cycling, we examined the association between weight cycling and gestational diabetes risk without adjustment for adult weight change. We also examined the association within the subgroup of 477 women who gained 10 kg or more between age 18 years and the study pregnancy.
RESULTS
Members of the analytical population were generally White, married, and affluent women (table 1) . Slightly over half of the participants gained at least 5 kg between age 18 years and the study pregnancy, and 29 percent gained 10 kg or more. Fewer than 10 percent lost more than 2.5 kg during the same period. Adult net weight change was positively associated with maternal age. The proportion of Asian women was highest within the group of women who lost more than 2.5 kg in adulthood. Pregravid obesity and history of weight cycling were most prevalent among women who gained 10 kg or more during adulthood. Other characteristics were not strongly related to adult net weight change.
After adjustment for confounding maternal characteristics (age, race/ethnicity, and years of education), gestational diabetes risk was elevated among women who were obese at age 18 Height was inversely associated with gestational diabetes risk after adjustment for maternal characteristics and pregravid body mass index (p trend ¼ 0.03). For instance, risk among women taller than 170 cm was approximately 60 percent lower than among women 160 cm or shorter (RR ¼ 0.40, 95 percent CI: 0.17, 0.95).
Net adult weight change was positively associated with gestational diabetes risk after adjustment for maternal characteristics, height, and body mass index at age 18 years (p trend < 0.001). Because none of the 120 women who lost more than 2.5 kg during adulthood also developed gestational diabetes, we could not estimate relative risks for this group. Risk was increased more than threefold among women who gained 10 kg or more in adulthood, compared with women with a weight change of 2.5 kg or less (RR ¼ 3.43, 95 percent CI: 1.60, 7.37). After adjustment, a 5-kg gain between age 18 years and pregnancy was associated with a 20 percent increase in risk (95 percent CI: 1.14, 1.27). When adjusted for pregravid body mass index rather than body mass index at age 18 years, the net adult weight change remained associated with gestational diabetes risk, although the relative risks were somewhat attenuated. For instance, the relative risk associated with a weight change of 10 kg or more versus a change of less than or equal to 2. Weight characteristics before pregnancy may influence weight gain during pregnancy, which in turn may influence gestational diabetes risk. However, the disease itself and caloric restriction used in managing it may affect weight gain during pregnancy (1). We repeated adult weight change and weight cycling analyses after adjusting for maternal weight gain in early pregnancy, which is less likely to be influenced by the disease than weight gain until delivery. We measured early pregnancy weight gain as the difference between the weight recorded between 18 and 22 weeks of gestation (abstracted from medical records) and pregravid weight. These data were available for 97 percent of participants. Adjustment for early pregnancy weight gain and weeks of gestation at weight measurement did not substantially change relative risks for adult weight change and weight cycling. For instance, after adjustment for maternal characteristics, body mass index at 18 years, and early pregnancy weight gain, a 5-kg adult weight increase was associated with a 30 percent increase in risk (95 percent CI: 1.20, 1.41).
DISCUSSION
In this study population, gestational diabetes risk was inversely related to height and directly related to pregravid body mass index. The relation with body mass index at age 18 years was J shaped, with higher risk among lean and obese women. Adult net weight gain was associated with increased risk independently of body mass index at age 18 years. The association was also independent of pregravid body mass index. Weight cycling was not substantially associated with risk after adjustment for adult weight change, although there was a nonsignificant association within the subgroup of women who had gained 10 kg or more during adulthood. The risks related to adult weight change and cycling were not explained by weight gain during early pregnancy.
These results should be interpreted in the context of the study limitations. First, height and weight characteristics were self-reported. In a previous study, although young § Weight cycling information is missing for two women. Adjusted model controls for age, race/ethnicity, parity, education, categorical body mass index at age 18 years, and continuous adult net weight change. Relative risks without adjustment for adult weight change are reported in the text.
women's self-reported height and weight correlated well with measured values, women slightly underreported their weight at age 18 years (20) . Such misclassification, if present in the current study, is unlikely to be related to future gestational diabetes risk and would thus likely bias relative risk estimates toward the null. Second, because of small numbers, we were unable to estimate the association with adult net weight loss. We cannot infer from the risk elevations associated with adult weight gain that gestational diabetes risk is reduced after adult weight loss. Third, the interview assessment did not explicitly distinguish between intentional and unintentional weight cycling. Unintentional cycling is associated with poor health status and unhealthy behaviors (21) . If women who had experienced unintentional weight cycles reported them as intentional, and if unintentional cycling is associated with increased gestational diabetes mellitus risk, the weight cycle relative risk estimates may be biased away from the null. However, the prevalence of past unintentional weight loss in this generally young and healthy population is likely to be low. Fourth, study participants were generally White, well educated, and affluent. To the extent that the characteristics may influence the relations we examined, the generalizability of these findings may be limited.
The associations with pregravid body mass index and height generally corroborate those previously reported in both pattern and strength (7, 8, (22) (23) (24) . Solomon et al. (7) analyzed data from 14,613 members of the Nurses' Health Study II, aged 25-42 years, who did not have gestational diabetes or nongestational diabetes at enrollment and who delivered a singleton livebirth within the following 5 years. Women who were overweight at enrollment (body mass index: 25-29.9 kg/m 2 ) had approximately a twofold increased risk of self-reported gestational diabetes (adjusted RR ¼ 2.1, 95 percent CI: 1.6, 2.7) compared with lean women (body mass index: <20.0 kg/m 2 ). The corresponding relative risk for obese women (body mass index: 30 kg/m 2 ) was 2.9 (95 percent CI: 2.2, 3.9). In contrast, we did not observe an increased risk associated with overweight. The difference in body mass index categorizations may explain the disagreement in findings. Compared with the report of Solomon et al., our definition of overweight encompassed a slightly narrower range of body mass index values, and our referent group did not include very lean women. The inverse relation between height and gestational diabetes risk has been previously reported in ethnically diverse populations (22) (23) (24) . For instance, among 9,005 Korean women, those in the lowest height quartile were at approximately twofold increased risk compared with the tallest quartile (odds ratio ¼ 2.0, 95 percent CI: 1.4, 3.0) (22) . This association is thought to reflect the influences of fetal and infant growth on both adult height and glucose tolerance (22, 24) .
Although we observed increased risk among women who were lean at age 18 years, in the report of Solomon et al., leanness at age 18 years was not a risk factor (7) . Risks were nearly equal among women with body mass indexes of 20-21.9 (RR ¼ 0.9, 95 percent CI: 0.8, 1.1) and 22-24.9 kg/m 2 (RR ¼ 0.9, 95 percent CI: 0.7, 1.2) versus less than 20 kg/m 2 . Differences in study population characteristics may account for these inconsistencies. For instance, the prevalence of body mass index less than 20 kg/m 2 at age 18 years was higher in our study population (50 percent vs. 39 percent). Smoking in adolescence may have confounded our estimate, as we did not collect information on teenage smoking. However, control for any history of smoking did not meaningfully change the relative risks.
Adult weight gain was associated with increased gestational diabetes risk, and this association weakened but remained after adjustment for pregravid body mass index. The association with adult weight gain described here is similar to that detected among a subset of Nurses' Health Study II participants (7) . For instance, the adjusted relative risk comparing those who gained 20 kg or more between age 18 years and study enrollment (average age: 31 years) with those with less than 5-kg weight change was 3.6 (95 percent (25, 26) . This is the first study, to our knowledge, to examine weight cycling in relation to gestational diabetes risk. Studies that have examined weight cycling in relation to type two diabetes in women provide inconsistent results (12, 13) . Although weight cycling was associated with subsequent risk of type two diabetes among young and middle-aged Nurses' Health Study II participants, adjustment for body mass index after the period in which weight cycling was ascertained attenuated the association almost entirely (13) . Given that weight cycling is a risk factor for weight gain among women (19) , controlling for weight change during the period in which cycling is measured, or body mass index at the end of that period, may result in overadjusted relative risk estimates, that is, those that do not reflect the influence of a causal mechanism of weight cycling. The nonsignificant associations shown here among women who gained more than 10 kg in adulthood are not conclusive, but they suggest that avoidance of weight cycling may reduce risk, even if weight gain is not entirely prevented. These associations should be confirmed in other study populations. Diet and exercise choices that cause weight cycling may also influence gestational diabetes risk. Women classified as weight cyclers were more inclined than noncyclers in one study to change dietary habits rather than engage in frequent exercise for weight control (19) . Prepregnancy exercise appears to reduce gestational diabetes risk independently of weight (27) .
In summary, this report corroborates others by providing evidence that efforts to reduce overweight, obesity, and adult weight gain among young women may also reduce gestational diabetes risk. These results also motivate further examination of weight cycling as an independent risk factor for gestational diabetes.
